Real-time high-resolution optical sectioning suggests biphasic cytokinetic mechanism in Dictyostelium discoideum.
Despite its biological significance, much of the mechanism of cytokinesis is not yet resolved. The problems include: (1) signaling mechanism determining the position of the cleavage furrow, (2) molecular and mechanistic nature of the contractile ring, and (3) the origin of forces responsible for cleavage. Using high-resolution imaging technique, the present study analyzes morphometric changes of cytokinesis in wild type (NC4) Dictyostelium discoideum amoeba. A sample was prepared by the agar-overlay method, creating 3-mm-thick, nearly two-dimensional cells; and high-resolution image was acquired at 16.7 milliseconds' temporal, 234 nm x, y-, and 100 nm z-axis resolutions. Under this condition, the formation of cleavage furrow initiates at mitotic telophase, and daughter cells separate 18-22 minutes after the furrow initiation. We found that the compression of cells and the room temperature need to be carefully controlled for cytokinesis to proceed in an orderly manner. The results demonstrate that the pole-to-pole distance increases by 83% during the initial 5 minutes of cytokinesis, while the distance of equator only decreases by 56%. In contrast, during the subsequent 5 minutes, the pole-to-pole distance only increases by 17%, while the equator distance decreases as much as by 44%. This study indicates that cytokinesis consists of at least two different phases, each of which results from a different mechanism.